Bioreducible polyethylenimine nanoparticles for the efficient delivery of nucleic acids.
Recently, non-viral vectors for nucleic acid delivery have received considerable attention. Among the various non-viral vectors, branched polyethylenimine (bPEI, 25 kDa) has been one of the most widely used carrier systems due to its high transfection efficiency, however, it imparts high cytotoxicity. In this study, we have crosslinked bPEI with a bioreducible linker, 3,3'-dithiodipropionic acid (DTPA), via electrostatic interactions to obtain DTPA crosslinked bPEI (DP) nanoparticles. The crosslinking significantly reduced the cytotoxicity of the nanoparticles. To arrive at the best formulation in terms of nucleic acid transfection, a series of DP nanoparticles were prepared by varying the percentage of crosslinking. The dual action of DTPA, i.e. partial blocking of the charge density as well as crosslinking to convert bPEI into its nanoparticles, did not alter the pDNA condensation ability of the so-formed nanoparticles, rather the strategy favoured the unpackaging of the complexes inside the cells improving the release of pDNA, which resulted in a higher transfection efficiency. All the formulations carried nucleic acids inside the cells and exhibited significantly higher transfection efficiencies than native bPEI and the commercial transfection reagent, Lipofectamine™. Sequential siRNA delivery displayed significant suppression in the target gene expression. All together, the evaluation of the delivery systems demonstrates that the newly synthesized DP NPs are quite promising as non-viral gene carriers.